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(57) Abstract 

[Purpose] To provide an ink jet head having a diaphragm formed 
of a titanium material, by which the life of the ink jet head 
can be ensured and the cost can be reduced. 

[Constitution] This ink jet head includes a nozzle plate 12 
having at least one nozzle 9 for injecting particles of ink 
6, a piezoelectric body 8 corresponding to the nozzle 9, the 
diaphragm formed of a titanium material and having a projecting 
part 15 coming into contact with one end face of the 
piezoelectric body 8, and a pressure chamber 13 in which the 
nozzle plate 12 and the diaphragm 14 constitute opposite 
surfaces, which is formed corresponding to the nozzle 9 and 
filled with ink 6, wherein voltage is applied to the 
piezoelectric body 8 so that the diaphragm 14 is vibrated by 
displacement due to electrostriction of the piezoelectric body 
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8 to generate pressure in the pressure chamber 13, and the 
particles of ink 6 are injected from the nozzle 9. 

Claims : 

1. An ink jet head, comprising: a nozzle plate 12 having 
at least one nozzle 9 for injecting particles of ink 6; a 
piezoelectric body 8 corresponding to the nozzle 9; a diaphragm 

14 formed of a titanium material and having a projecting part 

15 coming into contact with one end face of the piezoelectric 
body 8; and a pressure chamber 13 in which the nozzle plate 
12 and the diaphragm 14 constitute opposite surfaces, which 
is formed corresponding to the nozzle 9 and filled with ink 
6, wherein voltage is applied to the piezoelectric body 8 so 
that the diaphragm 14 is vibrated by displacement due to 
electrostriction of the piezoelectric body 8 to generate 
pressure in the pressure chamber 13, and the particles of ink 
6 are injected from the nozzle 9. 

2. The ink jet head according to claim 1, wherein the 
vibrating plate 14 is formed by rolling the titanium material 
into a thin film and formed with the rolling direction of the 
thin film corresponding to the long-side direction of the 
pressure chamber 13. 

3. The ink jet head according to claim 1 or 2, wherein 
in the diaphragm 14, the projecting part 15 is formed by 
embossing toward the piezoelectric body 8 in a position 



corresponding to the center position of the pressure chamber 
13 with dimensions which are predetermined percentage or less 
of the dimensions of short side and long side of the pressure 
chamber 13. 

4. The ink jet head according to claim 1, 2, or 3, wherein 
an adhesive for bonding the edge part of the diaphragm 14 to 
the peripheral part of the pressure chamber 13 has a Young's 
modulus ranging from 10 5 to 10 9 N/m 2 after curing. 

Detailed Description of the Invention : 
[0001] 

[Industrial Field of Application] 

This invention relates to a diaphragm of an ink jet head 
of an ink jet printer and particularly to the ink jet head having 
the diaphragm formed of a titanium material. 
[0002] 

In recent years, an ink jet printer adapted to perform 
recording by spraying micro-particles of ink directly to a 
print medium has come into wide use rapidly because no 
limitation is placed on the print medium, high-speed printing 
can be performed, noise is lowered and coloration is 
facilitated. 
[0003] 

An ink jet head in this type of ink jet printer is adapted 
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to apply pressure to a pressure chamber filled with ink through 
a diaphragm by displacement due to electrostriction of a 
piezoelectric actuator, thereby injecting ink from a nozzle 
to form a dot printed letter. 
[0004] 

Consequently, the diaphragm is repeatedly bent so that 
the life is short due to cracks or the like . Therefore , a method 
good for long-time use has been desired . 
[0005] 

[Prior Art] 

Fig. 4 shows an outline of an ink jet printer. As shown 
in Fig. 4, a guide shaft 3 is fitted to a carrier 2 loaded with 
an ink jet head (hereinafter referred to as print head) 1, a 
feed screw 4 is engaged with the carrier 2, and the feed screw 
4 is connected to a motor not shown. The carrier 2 is disposed 
in front of a platen 5, and moved in the directions of arrows 
A and B parallel to the platen 5 through the feed screw 4 by 
the forward and reverse rotation of the motor . 
[0006] 

The print head 1 is composed of a head part 10 and a 
pressurizing circuit 11, and the head part 10 is opposite to 
the platen 5 through a designated gap and provided with a 
plurality of nozzles 9i to 9 n (e.g. 4 columns x 12 rows, 48 in 
total) mentioned later at the tip. The pressurizing circuit 
11 is a circuit for selectively transmitting a driving signal 
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to the head part 10 according to the print data. 
[0007] 

Accordingly, while the carrier 2 is moved, the print head 
1 injects ink 6a from the nozzles 9i to9 n to form a printed letter 
on printing paper 7 by matrix dots. The printing paper 7 is 
line advanced in the direction of an arrow C by the drive of 
a moving mechanism not shown and rotation of the platen 5. 
[0008] 

The head part 10 will now be described with reference 
to Figs. 5 to 7 . Fig. 5 is a plane sectional view showing the 
head part, Figs. 6A and 6B are a plan view and a side sectional 
view showing a diaphragm, and Fig. 7 is a perspective view for 
explaining a piezoelectric actuator. 
[0009] . 

As shown in Fig. 5, the head part 10 is composed of 
piezoelectric actuators 8i to 8 n , a nozzle plate 12a provided 
with nozzles 9i to9 n and diaphragms 14i tol4 n forming pressure 
chambers 13i tol3 n corresponding to the nozzles 9i to9 n with the 
nozzle plate 12a. 
[0010] 

The nozzle plate 12a and the diaphragms 14i tol4 n are 
located opposite to the pressure chambers 13x tol3 n , the 
periphery of the pressure chambers 13i to 13 n and the periphery 
of the corresponding diaphragms 14i tol4 n are bonded together 
by an adhesive 18, and the piezoelectric actuators 8 X to8 n are 
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disposed to be expanded and contracted in the vibrating 
direction of the diaphragms 14i tol4 n . 
[0011] 

The diaphragms 14 x tol4 n are formed of nickel (Ni) by 
electrocasting, and as shown in Figs. 6A and 6B, a plurality 
of diaphragms are connected to each other in contact with the 
tips of the piezoelectric actuators 81 to8 n . Projecting parts 
15i tol5 n for efficiently transmitting the displacement of the 
piezoelectric actuators 81 to8 n to the pressure chambers 13i 
tol3 n are formed in the central parts of the diaphragms- In 
the drawings, the reference numeral 16 is a vibrating part 
formed thin, and the reference numeral 17 is a boundary part 

(the lower surface is a part bonded to the periphery of the 
pressure chamber) with another pressure chamber/ which is 
formed thick and does not contribute to vibration. 

[0012] 

The formation of the projecting parts 15i tol5 n using 
electrof orming is achieved by combining some electrode 
patterns to control the growth of Ni. In some case, the 
diaphragms 14i tol4 n are formed by rolling stainless steel. 
[0013] 

The piezoelectric actuators 81 (to8 n ) are, as shown in 
Fig. 7, formed by stacking piezoelectric elements 80a, 80b 
formed by a ceramic plate, connecting the positive and negative 
electrodes respectively, drawing out lead wires (not shown) 
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and polarizing the same. When voltage is applied to the 
piezoelectric elements 80a, 80b,--., the displacement due to 
each electrostriction is accumulated for the number of 
piezoelectric elements stacked to become displacement at the 
tips . 
[0014] 

Thus, voltage is selectively applied to the 
piezoelectric actuators 8i to8 n so that the projecting parts 
15i tol5 n are pressed by the displacement at the tips, and the 
diaphragms 14i tol4 n are vibrated, whereby pressure is applied 
to the pressure chambers 13i tol3 n supplied with the ink 6a to 
inject particles of the ink 6a from the nozzles 9± to9 n as 
described above . 
[0015] 

In this case, as characteristics required for the 
diaphragms 14i tol4 n , swelling, contraction and deterioration 
are not caused as ink resisting characteristics, and in order 
to transmit displacement by several jam or less to the 
piezoelectric actuators 8i to8 n to the pressure chambers 13i 
tol3 n , the diaphragms are formed thin (in the case of Ni, the 
thickness = 5 jam, and in the case of stainless steel, the 
thickness = 10 to 20 jam in the existing circumstances) enough 
to thoroughly bend. Further, it is necessary that no cracks 
are caused even in long-time use. 
[0016] 
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[Problems that the Invention is to Solve] 
According to the conventional method, Ni used for the 
diaphragm has a high Young' s modulus (=21 . 9 x 10 10 N/m 2 ) so that 
a thin film is hard to be formed by rolling, so the diaphragm 
is formed by electrof orming . The formation of the diaphragm 
using electrof orming, however, has the problem that it requires 
much time and cost, besides it is difficult to separate a very 
thin metal film from an electrode after electrof orming, so the 
yield is bad, and further in the stainless steel, the strength 
of a thin film is low, the film has to be thick to a certain 
extent, resulting in lowering the vibrating performance 
because the pressure is not applied enough due to its hardness. 
[0017] 

It is an object of the invention to provide an ink jet 
head, which may ensure the life of an ink jet head and reduce 
the cost. 
[0018] 

[Means for Solving the Problems] 
Fig. 1 is a diagram showing the principle of the invention. 
In Fig. 1, the reference numeral 6 designates ink, 9 a nozzle, 
12 a nozzle plate having at least one nozzle 9 for injecting 
particles of the ink 6, the reference numeral 8 a plurality 
of piezoelectric bodies respectively corresponding to the 
nozzles 9, the reference numeral 14 a diaphragm formed of a 
titanium material and having projecting parts 15 coming into 
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contact with each one end face of the piezoelectric bodies 8, 
the reference numeral 15 the projecting parts provided on the 
diaphragms 14 , and the reference numeral 13 a plurality of 
pressure chambers in which the nozzle plate 12 and the 
diaphragms 14 constitute opposite surfaces, which are formed 
corresponding to the nozzles 9, respectively and filled with 
the ink 6. 
[0019] 

Accordingly, voltage is applied to the piezoelectric 
bodies 8 so that the diaphragm 14 is vibrated by displacement 
due to electrostriction of the piezoelectric body 8 to generate 
pressure in the pressure chamber 13, and the particles of ink 
6 are injected from the nozzle 9. 
[0020] 

[Operation] 

The titanium material is used for the diaphragm 14, 
whereby a thin film having a desired thickness can be formed 
by rolling, so that it is possible to obtain the diaphragm, 
which has high strength in spite of a small thickness and also 
high yield and is inexpensive. Accordingly, the life of the 
ink jet head can be ensured and the cost can be reduced. 
[0021] 

[Embodiment] 

One embodiment of the invention will now be described 
with reference to Figs. 2 and 3. Fig. 2 is a plane sectional 
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view showing an embodiment of the invention, Figs. 3A and 3B 
are block diagrams showing a diaphragm in the embodiment, Fig. 
3A is a plan view, and Fig. 3B is a side sectional view. The 
same reference numerals designate the same object in every 
drawing . 
[0022] 

The piezoelectric actuators 81 to 8 n of Fig. 2 correspond 
to the piezoelectric body 8 of Fig. 1. As shown in Figs. 2 
and 3, the diaphragms 14i' to 14 n ' of the head part 10a are formed 
as a thin film 10 (am or less thick (preferably 5 jxm) by rolling 
a titanium material (Ti: Young's modulus = 11.8 x 10 10 N/m 2 ) and 
disposed with the rolling direction corresponding to the 
long-side directions of the pressure chambers 13i tol3 n - 
[0023] 

The reason for this is that residual stress in the thin 
film made of TI is different between the rolling direction and 
the direction right-angled thereto, the rigidity in the rolling 
direction is a little higher, and as to the displacement and 
deformation of the diaphragms 14i' to 14 n 'to the pressure 
chambers 13i tol3 n (short side about 100 to 200 jam x long side 
1000 to 2000 jam) , the longer the edge part is, the more the 
diaphragm is easy to bend so that the fatigue deterioration 
can be delayed (supposing that the short-side direction is 
taken as the rolling direction, the displacement and 
deformation of the diaphragms 14i'to 14 n ' are impaired to 
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accelerate the fatigue deterioration) . 
[0024] 

The projecting parts 15i'to 15 n ' are respectively 
embossed and projected in the center positions along the 
rolling direction of the diaphragms 14i' to 14 n ' by press working, 
and formed with dimensions such that the length L2 thereof is 
within 60% of the long side LI of the pressure chambers 13i'to 
13 n ' , and the width L4 is within 60% of the short side L3 of 
the pressure chambers 13i'to 13 n ' - The ranges (a) indicated 
by two-dot chain lines in Fig. 3A are the ranges corresponding 
to the peripheries of the pressure chambers 13i'to 13 n ' / and 
in the drawings, the reference numeral 16a is a vibrating part, 
and 17a is a boundary part with another pressure chamber. 
[0025] 

Each boundary part 17a of the diaphragms 14i'to 14 n ' is 
bonded to each periphery of the pressure chambers 13i'to 13 n ' 
by an adhesive 18a. As the material guality of the adhesive 
18a, a Young' s modulus ranges from 10 5 to 10 9 N/m 2 after curing, 
and for example, epoxy resin or silicon resin is cited. 
[0026] 

The reason for this is that deterioration due to 
long-term use of the diaphragms 14i'to 14 n ' is caused by the 
deformation at a fixed part in the peripheries of the pressure 
chambers 13i'to 13 n ' , and since the stronger fixation at that 
part will cause larger fatigue due to displacement, preferably 
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the adhesive has such a material quality as to a little follow 
the displacement of the diaphragms 14i'to 14 n ' at the bonding 
parts . 
[0027] 

Since the diaphragms 14i'to 14 n 'are thus constructed, Ti 
material having a Young's modulus of 11.8 x 10 10 N/m 2 is used 
to facilitate rolling because its Young's modulus is smaller 
than that of Ni (having a Young's modulus of 21.9 x 10 10 N/m 2 ) 
described in the prior art, so that a thin film 10 jam or less 
thick can be made. Accordingly, the time and cost can be 
remarkably reduced . 
[0028] 

Further, since the diaphragms 14i' tol4 n ' are disposed so 
that the rolling direction of Ti material is parallel to the 
long-side direction of the pressure chambers 13i'to 13 n ' , the 
diaphragms 14i'to 14 n 'are easy to bend so that the fatigue 
deterioration can be reduced. 
[0029] 

Further, the projecting parts 15i'to 15 n ' formed at the 
central areas of the diaphragms 14i'to 14 n 'are embossed and 
projected by a press die, and the dimensions thereof are set 
within 60% of the respective sides, whereby deformation is not 
caused in the shapes of the projecting parts 15i'to 15 n 'to the 
displacement of the piezoelectric actuators 8i to 8 n , but the 
displacement of the diaphragms 14i'to 14 n 'is caused at a thin 
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film vibrating part 16a in the peripheries of the projecting 
parts 15i' to 15 n ' , so that the displacement of the piezoelectric 
actuators 81 to 8 n can be transmitted further efficiently to 
the pressure chambers 13i'to 13 n ' . 
[0030] 

Further, the cured adhesive 18a a little follows the 
displacement of the diaphragms 14 x 'to 14 n 'so that the fatigue 
deterioration due to displacement can be reduced. Thus, the 
Ti material is formed into a thin film by rolling and used for 
the diaphragms 14i'to 14 n ' , and simultaneously with rolling, 
the projecting parts 15i'to 15 n 'are formed by press working, 
whereby long-life and inexpensive diaphragms 14]/ to 14 n 'can be 
formed in a short time. Further, the Young's modulus of the 
bonding part with the pressure chambers 13i' to 13 n /: is regulated, 
whereby the deterioration of the diaphragms 14i'to 14 n 'can be 
prevented so as to further lengthen the life of the diaphragms. 
[0031] 

[Advantage of the Invention] 

According to the invention, as described above, it will 
be appreciated that according to claim 1, the titanium material 
is used for the diaphragm to form the thin film with a desired 
thickness by rolling, whereby the inexpensive diaphragm having 
high strength and high yield in spite of a small thickness can 
be obtained so as to ensure the life of the ink jet head and 
reduce the cost. 
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[0032] 

According to claim 2, the titanium material can be formed 
into a thin film by rolling, and the diaphragm is formed with 
the rolling direction of the thin film corresponding to the 
long-side direction of the pressure chamber, whereby the 
fatigue deterioration of the diaphragm can be reduced so as 
to further lengthen the life of the ink jet head. 
[0033] 

According to claim 3, the diaphragm is embossed and 
projected in the direction of the piezoelectric body in a 
position corresponding to the center position of the pressure 
chamber in the diaphragm to form the projecting part, and the 
dimensions thereof are set within designated percentage or less 
of those of the short, side and the long side of the pressure 
chamber, whereby deformation is not caused in the shape of the 
projecting part to the displacement of the piezoelectric body, 
but the displacement of the diaphragm is caused in the 
peripheral part of the projecting part so that the displacement 
of the piezoelectric body can be transmitted to the pressure 
chamber further efficiently. 
[0034] 

According to claim 4, the adhesive for bonding the edge 
part of the diaphragm to the peripheral part of the pressure 
chamber, which has a Young's modulus ranging from 10 5 to 10 9 
N/m 2 after curing, is used, whereby since the cured adhesive 
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a little follows the displacement of the diaphragm so that the 
fatigue deterioration due to displacement can be reduced, and 
further the life of the ink jet head can be lengthened. , 

Brief Description of the Drawings : 

Fig. 1 is a diagram showing the principle of the 
invention; 

Fig. 2 is a plane sectional view showing an embodiment 
of the invention; 

Fig. 3 is a block diagram showing a diaphragm in the 
embodiment;. 

Fig. 4 is a perspective view showing the outline of an 
ink jet printer; 

Fig. 5 is a plane sectional view showing a head part; 
Figs. 6A and 6B are block diagrams showing a diaphragm; 

and 

Fig. 7 is a perspective view for explaining a 
piezoelectric actuator . 

[Description of the Reference Numerals and Signs] 
1: print head 6, 6a: ink 8: piezoelectric body 8i to 
8 n : piezoelectric actuator 9, 9i to 9 n : nozzle 12, 12a: 
nozzle plate 13, 13itol3 n , 13i'to 13 n ' : pressure chamber 14, 
14i'to 14 n ,14i'to 14 n ' : diaphragm 15, 15ito 15 n , 15i'to 15 n ' : 
projecting part 16, 16a: vibrating part 17, 17a: boundary 
part 18, 18a: adhesive 
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FIGURE 1: 

DIAGRAM SHOWING THE PRINCIPLE OF THE INVENTON 

6: INK 8 : PIEZOELECTRIC BODY 9: NOZZLE 12 : NOZZLE PLATE 13: 

PRESSURE CHAMBER 14: DIAPHRAGM 15: PROJECTING PART 

FIGURE 2: 

PLANE SECTIONAL VIEW SHOWING THE EMBODIMENT OF THE INVENTION 
6a: INK 8i to 8 n : PIEZOELECTRIC ACTUATOR 9i to 9 n : NOZZLE 
10a: HEAD PART 12a: NOZZLE PLATE 13i to 13 n : PRESSURE CHAMBER 
14i'to 14„' : DIAPHRAGM 15i'to 15 n ' : PROJECTING PART 18a: 
ADHESIVE 

FIGURES 3A AND 3B: 

BLOCK DIAGRAM SHOWING DIAPHRAGM IN THE. EMBODIMENT 
FIGURE 3A: PLAN VIEW 

a: RANGE « ROLLING DIRECTION 14 x ' (to 14 n ' ) : DIAPHRAGM 

15i' (to 15 n ' ) : PROJECTING PART 16a: VIBRATING PART 17a: 
BOUNDARY PART 

FIGURE 3B: SIDE SECTIONAL VIEW TAKEN ALONG LINE B - B 

a: RANGE 14i' (to 14 n ' ) : DIAPHRAGM 15i' (to 15„' ) : PROJECTING 

PART 16a: VIBRATING PART 17a: BOUNDARY PART 

FIGURE 4: 

PERSPECTIVE VIEW SHWING OUTLINE OF INK JET PRINTER 
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1: PRINT HEAD 2: CARRIER 3: GUIDE SHAFT 4: FEED SCREW 5: 
PLATEN 7: PRINTING PAPER 10: HEAD PART 11: PRESSURIZING 
CIRCUIT 

FIGURE 5: 

PLANE SECTIONAL VIEW SHOWING HEAD PART 

6a: INK 8i to 8 n : PIEZOELECTRIC ACTUATOR 9i to 9 n : NOZZLE 
10: HEAD PART 12a: NOZZLE PLATE 13i to 13 n : PRESSURE CHAMBER 
14x to 14 n : DIAPHRAGM 15i to 15 n : PROJECTING PART 18: ADHESIVE 

FIGURES 6A, 6B: 

BLOCK DIAGRAM SHOWING DIAPHRAGM 
FIGURE 6A: PLAN VIEW 

14i (to 14 n ) : DIAPHRAGM 15x (to 15 n ) : PROJECTING PART 16: 
VIBRATING PART 17: BOUNDARY PART 

FIGURE 6B: SIDE SECTIONAL VIEW TAKEN ALONG LINE A -A' 

14i (to 14 n ): DIAPHRAGM 15i (to 15 n ) : PROJECTING PART 16: 

VIBRATING PART 17: BOUNDARY PART 

FIGURE 7: 

PERSPECTIVE VIEW FOR EXPLAINING PIEZOELECTRIC ACTUATOR 

80a, 80b: PIEZOELECTRIC ELEMENT 8i(to 8 n ) : PIEZOELECTRIC 
ACTUATOR 
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